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Abstract 

Silvkrman,  Sjdnky  J.  (U.S.  Army  Biological 
Laboratories,  Fort  Detrick,  Frederick,  Md.), 
Lynn  F.  Klwkll,  and  .1  am;.s  F.  Drawdy. 
influence  of  route  of  infection  and  other  factors 
on  growth  and  distribution  of  Listeria  monocyto¬ 
genes  in  organs  of  mice.  J.  Bacterid.  86:355-382. 
1983. — The  growth  of  Listeria  monocytogenes  in 
the  lungs,  liver,  spleen,  brain,  and  blood  of  mice 
was  observed  after  infection  by  the  respiratory, 
intravenous,  and  intraperitoneal  routes.  The 
lungs  of  mice  exjtosed  to  Listeria  aerosols  con¬ 
tained  about  10*  infected  cells  ]>er  ml  within  24 
hr,  and  the  number  of  organisms  remained  high 
for  at  least  9  days.  After  exposure  by  the  other 
two  routes,  fewer  organisms  ap]>earod  in  the 
lungs.  The  colony  counts  of  organisms  in  spleen 
and  liver  homogenates  were  similar  regardless  of 
the  route.  Organisms  were  found  spor;  dically  in 
the  brain  and  blood.  When  a  cell  extract  of 
Listeria  was  injected  simultaneously  with  the  or¬ 
ganisms,  greater  numbers  of  lAsteria  were  found 
in  spleen  and  liver  than  when  the  bacteria  were 
injected  alone.  On  the  other  hand,  the  BCG 
strain  of  Mycobacterium  tuberculosis  enhanced  the 
resistance  of  the  mice,  as  shown  by  the  recovery 
of  fewer  organisms  from  tissues  when  compared 
with  tissues  from  mice  receiving  L.  monocytogenes 
alone.  Prior  administration  of  BCG  also  reversed 
the  effect  of  the  Listeria  extract.  Mice  (5  to  8 
weeks  old)  born  of  Msfcrw-infeeted  mothers  were 
infected  with  the  homologous  organism  by  the 
intraperitoneal  route.  Fewer  organisms  were  re- 
covered  and  the  gross  pathology  was  less  exten¬ 
sive  than  in  infected  progeny  of  healthy  females. 
However,  there  was  no  difference  in  the  lt50 
(time  to  death  for  50'  (  of  the  animals)  between 


the  two  groups.  In  a  similar  cx|H*riment,  using  7- 
to  8-week-old  mice  born  of  infected  and  healthy 
mothers,  there  was  no  difference  in  the  bacterial 
counts,  gross  pathology,  or  lt5o  I  h*  tween  the  two 
groups. 

Although  the  pathology  of  listeriosis  has  been 
studied  by  numerous  authors  (see  review  by  See- 
liger,  1961),  the  dissemination  of  the  organism 
throughout  the  host  has  Ix'en  observed  only  in¬ 
directly.  In  a  recent  re|>ort,  Kautter  et  al.  (1983) 
showed  that  differences  occurred  in  the  results  of 
virulence  titrations  of  Listeria  strains  when  the 
route  of  infection  was  varied.  Although  exposure* 
bv  the  respiratory  route  resulted  in  a  reproducible 
linear  dose  res|>onse,  titrations  ]x*rformed  via  the 
intravenous  or  intrajieritoncal  routes  gave  erratic, 
nonlinear  results. 

Silverman.  Elwell,  ami  Kautter  (196!)  ob¬ 
served  that  injection  of  a  cell  extract  of  Listeria, 
the  so-called  mortality -enhancing  factor  (MEF), 
reduced  the  resistance  of  mice  and  other  animals 
to  Listeria  as  well  as  to  other  microorganisms. 
Mycobacterium  tuberculosis  BCG,  on  the  other 
hand,  increased  the  resistance  of  mice  to  listerial 
infection  and  overcame  the  effect  of  MEF. 

Because  of  the  difference  in  response  after 
aerosol  exposure  and  after  infection  by  the  other 
routes,  it  seemeu  of  interest  to  determine  the  fab* 
of  Listeria  in  the  various  organs  and  at  intervals 
after  exposure  by  these  routes.  In  addition,  it 
was  considered  desirable  to  determine  the  effect 
of  the  previous  history  of  the  host  on  the  growth 
of  the  microorganism  in  various  tissues  known  to 
be  the  loci  of  infection. 

Matkhials  and  Mkthods 


>  Present  address:  Department  oLBacUmdogj-  L  monocytogenes^  strain  \4413,  isolated  at  the 
Pniversity  of  New  Hampshire,  1  (|iriluu.i  1  f  Communicable  Disease  (  enter,  Atlanta,  Ga., 
Present  address:  1600  East  iRi  A^e.,  H uilc^li^from  a  fatal  infection  in  a  child,  and  strain  JHH, 
|p  ‘  ‘  .  '  from  a  case  of  listerial  meningitis  at  The 
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Johns  Hopkins  Hospital,  were  used.  When  injec¬ 
ted  into  SwisB-Webster  mice  by  the  intraperi- 
toneal  route,  4.8  X  10*  cells  of  strain  A4413  and 
1.4  X  105  cells  of  strain  JHH  were  required  to  kill 
50%  of  the  mice  within  15  days  (ldso).  By  the 
respiratory  route,  the  ld6o  for  A4413  was  3.5  X 
103  cells  and  that  for  JHH  was  2.1  X  104  cells. 
Brain  Heart  Infusion  broth  (Difco)  was  inocu¬ 
lated  with  the  growth  from  an  8-hr  Tryptose  Agar 
(Difco)  slant  and  incubated  at  37  C  for  16  to  18 
hr  on  a  reciprocating  shaker  (4-  to  5-in.  stroke, 
100  excursions  per  min).  Suitable  dilutions  were 
prepared  in  1%  Tryptose  solution;  the  bacterial 
count  of  the  inoculum  was  determined  by  quanti¬ 
tative  plating  on  Tryptose  Agar. 

Swiss-Webster  mice  from  the  Fort  Detrick 
colony  were  used.  Animals  were  maintained  and 
used  in  compliance  with  the  principles  established 
by  the  National  Society  for  Medical  Research 
(1961).  Intravenous  injections  were  performed 
via  the  caudal  tail  vein;  0.1  ml  contained  the 
challenge  dose.  Respiratory  exposure  was  made 
in  a  modified  Henderson  apparatus  according  to 
the  procedures  described  by  Roessler  and  Kaut- 
ter  (1962).  The  usual  volume  injected  for  intra- 
peritoneal  challenge  was  0.2  ml.  Animals  were 
killed  at  intervals  after  exposure  by  anesthesia 
either  with  chloroform  or  in  an  atmosphere  of 
COs .  Blood  was  obtained  from  the  jugular  vein 
and  cultured  in  Brain  Heart  Infusion  broth  ;  serial 
dilutions  of  the  blood  were  prepared  in  this  me¬ 
dium  to  determine  the  highest  dilution  at  which 
growth  would  occur. 

The  spleens,  livers,  lungs,  and  brains  were  re¬ 
moved  aseptically,  and  the  volume  of  each  was 
determined  by  displacement.  In  some  exj>eri- 
ments,  similar  organs  from  animals  killed  at  the 
same  time  were  pooled.  In  most  cases,  however, 
each  organ  was  cultured  separately.  The  tissues 
were  ground  aseptically  with  a  glass  rod  and  sand 
in  a  thick-walled  tube.  The  tissue  homogenate  was 
diluted  with  1.0%  Tryptose  and  plated  oi  Tryp¬ 
tose  Agar  plates  by  the  method  of  Miles  and 
Misra  (1938).  A  portion  (0.002  ml)  of  the  dilu¬ 
tion  was  dropp'd  on  the  surface  of  dried  Tryptose 
Agar  from  a  0.2-ml  pipette  with  0.01-ml  grada¬ 
tions.  After  the  drop  '  as  absorbed  into  the  agar, 
the  plates  were  inverted  and  incubated  for  18  to 
24  hr.  Each  dilution  was  replicated  six  times,  and 
results  were  bast'd  on  the  meun  count  of  the 
drops  containing  10  to  40  colonies.  Results  were 
expressed  as  numix'r  of  organisms  por  ml  of  tis¬ 
sue.  In  some  experiments  when  the  mean  weight 


of  the  organ  was  determined,  results  were  ex¬ 
pressed  as  number  of  colonies  per  mg  of  tissue. 
When  individual  organs  were  cultured,  results 
were  expressed  as  the  geometric  mean  of  counts 
obtained  with  three  to  five  specimens. 

When  the  effect  of  MEF  of  Listeria  was  stud¬ 
ied,  2  ed6o  doses  of  MEF  (Silverman  et  a!., 
1961)  were  injected  simultaneously  with  doses  of 
the  infecting  organism.  .1/.  tuberculosis  BCG  was 
grown  for  7  to  10  days  in  Dubos’  medium.  The 
cells  were  centrifuged,  washed  once  with  saline, 
and  from  10s  to  5  X  10s  viable  units  were  injected 
into  the  peritoneal  cavity  4  to  7  days  before  in¬ 
fection  with  Listeria. 

The  LT50  (time  to  death  for  50%  of  the  animals) 
was  calculated  by  the  method  of  Litchfield 
(1949). 

Results 

Mice,  2,  3,  and  4  weeks  old,  were  infected  by 
the  intravenous  route  with  approximately  400  to 
1,600  cells  of  strain  A4413.  Groups  of  three  ani¬ 
mals  were  killed  at  24-hr  intervals,  and  similar 
organs  from  the  three  animals  were  pooled  for 
study.  No  difference  was  noted  in  the  response  of 
the  three  age  groups,  and  this  factor  was  not  con¬ 
sidered  in  the  remainder  of  the  study.  The  Listeria 
count  in  the  lungs  remained  quite  low  (Table  1) 
but  was  not  quantitatively  reliable  because  of 
the  heavy  growth  of  other  organisms  in  the  low- 
dilutions  plated.  However,  few  or  no  colonies  of 
Listeria  were  present  even  on  plates  without  con¬ 
taminants. 

Listeria  strain  A4413  multiplied  more  rapidly 
in  the  lungs  after  exposure  by  the  respiratory 
route  than  after  intraperitoneal  injection.  In  repli¬ 
cate  ex|>eriments,  the  maximal  colony  count 
after  intraiK'ritoneal  injections  ranged  from  3.0  X 
104  to  2.5  X  10s  per  ml  and  appeared  between 
the  first  and  sixth  days.  After  respiratory  ex- 
l>osure  with  this  strain,  the  colony  counts  1  day 
after  exposure  reached  1.9  X  10s  to  3.7  X  106  per 
ml  and  i>ersistod  at  a  high  level  for  the  duration 
of  the  experiment.  The  maximal  count  (1.9  X  10") 
was  reached  at  alxmt  5  to  6  days  and  was  greater 
than  that  observed  after  exjwsure  by  either  the 
intravenous  or  intraiK'ritoneal  route. 

The  colony  counts  of  Listeria  obtained  with 
homogenates  of  spleen  or  liver  of  infected  mice 
were  similar,  regardless  of  the  route  ol  infection, 
within  the  wide  range  observed  among  the  indi¬ 
vidual  animals  (Table  1 ) . 

The  data  in  Table  2  indicate  that  less  variation 
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table  1.  Distribution  of  Listeria  monocytogenes  AH1S  in  organs  of  mice  infected  by  various  routes 


1  Colony  count  per  ml  of  tissue  (geometric  mean) 

Exposure  route* 

Day 

1 

2 

3 

l 

4 

s 

6 

7 

8 

9 

Rung 

j 

Respiratory 

2.8 

1.7 

1.2 

3.1 

1.9 

9.8 

8.7 

2.4 

8  9 

X  10* 

X  10* 

X  10* 

X  10* 

X  10* 

X  10* 

X  10* 

X  10* 

X  10* 

Intraperitoneal 

6.2 

9.0 

1.4 

2.2 

1.8 

9.1 

! 

X  10* 

X  10* 

X  10* 

X  10* 

X  10* 

X  10* 

Intravenous 

Of 

+ 

+ 

| 

+ 

0 

0 

+ 

+ 

Liver 

Respiratory 

5.4 

10* 

7.0 

4.7 

6.9 

1.3 

7.9 

<10* 

5.8 

X  10* 

X  10* 

X  10* 

X  10’ 

X  10* 

X  10* 

i 

X  10* 

Intraperitoneal 

1.2 

4.9 

4.7 

1.5 

5.4 

1.3 

5.7 

X  10* 

X  10* 

X  10* 

X  10* 

X  10* 

X  10* 

X  10* 

Intravenous 

3.3 

7.0 

1.8 

1.7 

1.1 

2.3 

8.1 

l  1.1 

X  10s 

X  10* 

X  10* 

X  10* 

X  10* 

X  10* 

X  10* 

X  10* 

t 

Spleen 

i 

i 

j 

Respiratory 

9.7 

7.8 

7.9 

9.4 

3.0 

6.0 

!  6-3 

i  4.0 

10* 

X  10* 

X  10* 

X  10* 

X  10* 

X  10* 

X  10* 

X  10* 

X  10* 

1 

Intraperitoneal 

3.4 

7.4 

5.2 

8.1 

1.5 

6.4 

!  4.3 

i 

X  10* 

X  10* 

X  10* 

X  10* 

X  10' 

X  10* 

I  X  10* 

i 

Intravenous 

6.6 

5.9 

9.3 

6.5 

1.1 

1.3 

1.3 

i  4.0 

X  10s 

1 

X  10’ 

X  10* 

X  10* 

1 

X  10* 

X  10* 

X  10’ 

! 

X  10* 

1 

i 

1 

*  Respiratory  dose  was  1.2  X  101  cells,  intraperitoneal  dose  was  1.5  X  H)5  cells,  and  intravenous  dose 
was  1 .6  X  10s  cells,  f  ive  animals  per  group  were  used. 

t  Growth  of  other  organisms  in  cultures  from  lungs  made  quantitative  results  unreliable 


table  2.  Variations  in  colony  counts  in  tissues  from  individual  animals  infected  by  respiratory 
or  intraperitoneal  route  with  Listeria  monocytogenes  .14413 


Colony  count  per  ml  of  tissue  (geometric  mean) 

Day 

Route* 

Orgtn 

t 

J 

5 

7 

Mean 

sot 

Mean 

SD  ! 

1 

Mean  so 

Mean  so 

Respiratory 

Lung 

3.0  X  10‘ 

2.4 

1.9  X  10* 

1 

11  i 

1.9X10*;  2.3 

1.3  X  10*  11.1 

'  Liver 

4.5  X  10* 

1.02 

6.3  X  10* 

'2.8 

2.5  X  10*  3.8 

2.1X10*1  34.8 

Spleen 

j  1.1  X  10’ 

1.0 

2.0  X  10‘ 

t  1.5  ! 

! 

2.1  X  10*  4.6 

j  1.3X10*  2.7 

Intraperito- 

!  Lung 

8.1  X  10* 

;  4.7 

3.6  X  10*  i  46.4 

1.6  X  10’  8  6 

neal 

Liver 

7.9  X  10* 

[  21.4 

2.3  X  10*  632.4 

|  1.6  X  10*  496.0 

J  Spleen 

i 

i 

3.7  X  10* 

4  0 

; 

3  8  X  10*  215  0 

!  8  1  X  10’  11.5 

•  Respiratory  dose  was  4.8  X  10*  cells;  intraperitoneal  dose  was  1.1  X  10*  cells.  Five  animals  per  group 
were  used. 

t  Standard  deviation.  Mean /so  -  lower  limit  of  distribution;  mean  X  so  -  upper  limit. 
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was  observed  in  the  colony  counts  of  tissues  from 
mice  exposed  by  the  respiratory  route  than  in 
those  obtained  from  tissut  s  from  anin  a’s  chal¬ 
lenged  bv  the  intraperitoneai  route.  The  standard 
deviation  from  the  mean  ranged  from  1.0  to  34.S 
colonies  with  cultures  obtained  from  animals  ex¬ 
posed  by  the  respiratory  route.  With  cultures  of 
organs  from  mice  exposed  by  the  intraperitoneai 
route,  the  standard  deviation  was  as  high  as  632. 

In  the  ex|>eriments  in  which  the-  mice  were  chal¬ 
lenged  via  the  intra|>eritoneal  route,  the  Listeria 
counts  in  the  organs  of  those  mice  receiving  1 .5  X 
HP  cells  of  strain  A4413  reached  a  maximum 
within  1  to  3  days  (Table  3).  The  maximal  counts 
in  the  organs  of  mice  receiving  smaller  doses  (2  X 
HP  or  1  X  HP  cells)  did  not  occur  until  the  fifth 
or  sixth  day.  There  was  some  suggestion  that  the 
lower  challenge  doses  resulted  in  a  somewhat 

tabi-E  3.  Influence  of  size  of  challenge  dose  on 
numbers  of  Listeria  monocytogenes  in  organs 
of  mice  after  intraperitoneai  challenge 


Maximal  colony  count  per  ml  of 
tissue  (geometric  mean! 


C  hallenge 
cells  per 
dose* 

Lung 

Liver 

Spleen 

Colonics  i 
per  ml  1 

Day 

Colonies 
per  ml 

Day 

Colonies 
per  ml 

Day 

2.4 

2.5  [ 

5 

1.3 

0 

1.2 

5 

X  HP 

X  10*  , 

X  107 

X  HP 

1.1 

12  j 

c. 

3.4 

0 

4.0 

0 

X  10* 

X  HP  ! 

X  10« 

X  HP 

1.5 

9.0 

2 

4.9 

2 

7.4 

o 

X  10s 

X  10* 

X  10* 

X  10‘ 

1.5 

3.0 

1 

0.4 

2 

5.7 

3 

X  10* 

X  HP 

X  HP 

X  HP 

•  Five  mice  |ht  group  were  used. 


higher  maximal  count  than  was  obtained  with 
larger  doses. 

Listeria  were  isolated  irom  the  brain  homog¬ 
enates  sporadically,  regardless  of  the  route  of 
infection.  About  25%  of  the  brains  cultured  con¬ 
tained  Listeria.  A  few  gave  rise  to  colonies  by  the 
first  day  after  injection,  and  Listeria  were  found 
through  7  days.  The  greatest  number  of  jwsitive 
cultures  were  obtained  on  the  fourth  day.  The 
number  of  colonies  ranged  from  5.0  X  10*  to 
3.0  X  10*  |>er  ml  of  tissue. 

Positive  blood  cultures  were  obtained  from  the 
first  through  the  twelfth  day.  The  greatest  num- 
Ix'r  of  positive  cultures  were  obtained  from  sam¬ 
ples  taken  on  the  second  through  fourth  days. 
Growth  was  obtained  in  dilutions  as  high  as  10~' 
at  around  the  fifth  day,  although  Listeria  were 
generally  found  only  at  lower  dilutions  and  during 
the  early  stages  of  infection. 

Injection  of  the  mortality -enhancing  factor 
simultaneously  with  L.  monocytogenes  by  the  in- 
tra|x'ritonoa!  route'  resulted  in  increased  in  vivo 
growth  of  the  organism.  The  difference  between 
the  bacterial  counts  of  animals  receiving  Ixith 
MEF  and  Listeria  and  those  receiving  only  the 
bacteria  was  apparent  at  4  hr  and  |>orsisted 
for  the  duration  of  the  ex|ierimcnt  ('Fable 
4).  Most  animals  that  receives!  MEF  were  dead 
by  the  fourth  day. 

BCG  injected  6  days  Indore  challenge  with 
l.isteria  increased  the  resistance  of  the  mice  so 
that  the  bacterial  counts  obtained  from  the  tis¬ 
sue  homogenate's  were'  lower  than  those*  obtained 
from  the  organs  of  animals  re'ceiving  Listeria 
alone1  (Table  5).  Listeria  were*  not  recovered  from 
the  blood  of  mien'  inje'ete'd  with  BCG.  Blood 
cultures  were*  |K)sitive  from  most  mice  inje'ete'd 
with  Listeria  only.  BCG  was  also  capable  of  over- 


Tabi.K  4.  Effect  of  injection  of  mortality-enhancing  factor  (M EE)  on  growth  of  l.isteria 
monocytogenes  J IIH  in  organs  of  mice 

Colony  emmt  j>er  ml  of  lissur  igromclrit  moan) 

In.xulum  Kxpl  I  <hn  K.jpt  2  (hr. 


4 

12  2e 

2e 

4* 

72 

Liver 

Jim* 

ii 

17  8.1 

2.9 

95 

25 

4.7 

JHH  +  MEF 

0 

am  57 

8.2 

3.5  X  HP 

2.7  X  UP 

1.6  X  I0*t 

Spleen 

Jill! 

ii 

2.11  14 

3  0 

43 

100 

6  8 

JHH  +  MEF 

40 

17  59 

9  1 

7.0  X  10* 

1.8  X  HP 

6.5  X  HPt 

*  Dose  in  exjierimenl  1  was  4.5  X  lit’  cells;  dose  in  experiment  2  was  4.6  X  HP  cells, 
t  Only  one  animal  survived  at  this  time. 
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TABLE  5.  Influence  of  prior  injection  of  BCG  on  growth  of  Listeria  monocytogenes  JHH  in  organs  of  mice 


Colony  count  per  mg  of  tissue  (geometric  mean) 


Inoculum’1 

1 

Day 

i 

1 

2 

!  .! 

1  4 

5 

6 

7 

Lung 

1 

i 

i 

JHH' 

8.5  X  10* 

5.9  X  10* 

'  2.1  x  10* 

!  310 

8.9  X  10* 

920 

1,600 

JHH  -(-  BCG- 

<690 

1,100 

1,800 

<300 

j  <400 

190 

<340 

Liver 

JHH 

3.3  X  10*  ! 

5.9  X  10* 

| 

1.2  X  10* 

4,200 

2.0  X  10* 

j  1 .9  X  10* 

3,900 

JHH  +  BCG  ; 

I 

<200 

460 

2,700 

90 

<42 

420 

;  <81 

Spleen 

JHH 

1,600 

1.  2  X  10* 

I 

|  1.3  X  10* 

7.7  X  10* 

3.6  X  10* 

1.5  X  10* 

2,  (KM) 

JHH  +  BCG 

< l ,000  1 

890 

I  1.1  X  10* 

2,000 

110 

3,700 

<360 

Blood  I 

JHH 

1 

1 

2/3' 

3/3 

' 

0/3 

1/3 

'  2/3 

0/3 

JHH  +  BCG 

0/3  ; 

0/3 

i  0/3 

0/3 

0/3 

0/3 

0/3 

i 


"  Three  mice  per  group  were  used. 

'  Inoculum:  7.3  X  10*  cells  per  0.2-ml  dose. 

r  Inoculum:  9.1  X  10*  living  BCG  cells  were  injected  into  the  peritoneal  cavity  6  days  before  chal¬ 
lenge  with  L.  monocytogenes. 

4  Number  of  animals  showing  positive  blood  cultures/total  number  when  one  loopful  of  heart  blood 
was  streaked  on  a  Tryptose  Agar  plate. 


1 


TABLE  6.  Effect  of  prior  injection  of  HCG  on  in  riro  growth  in  mice  of  Listeria  monocytogenes 
JHH  in  the  presence  of  mortality-enhancing  factor  tMEF) 

i 

Colony  count  |*r  ml  of  tissue  (geometric  mean» 


Inoculum*1 


I.iver 

JHH  +  MKF"  3,5  X  10*  7.3  X  10s  1.2  X  10*  2.0  X  10*  5.2  X  10'  6  3  X  10'  4.5  X  10‘ 

JHH  +  MKF  +  BCG-  '4.8  X  10'  2.7  X  10'  4.0  X  10*  8.2  X  10'  8.7  X  10*  l.l  X  10*  3.0  X  10* 

I  i 


Spleen  | 

JHH  +  MKF  1.2  X  10*  5.1  X  10*  6.1  X  10*  5.3  X  10*  2.0  X  10'  2.0  X  10*  3.8  X  10* 

JHH  +  MKF  +  IK’ti  7.0  X  10*  1.5  X  10*  2.8  X  10'  4.4  X  10*  1.2  X  10*  4  8  X  10'  14  X  10* 


Blood 

JHH  +  MKF 
JHH  +  MKF  +  BCG 


0  3*  3/3  3  3  1,3  1  3  0  3  12 

0  3  13  1  3  1  3  2  3  0  3  0  3 


•’  Three  animals  |>er  group  were  used. 

‘Strain  JHH  (6.7  X  10'  cells!  was  injected  by  ir.traperitonenl  route  simultaneously  with  2  Kt>»o 
amounts  of  MKF. 

'  BCG  (9.1  X  10*  living  cells)  was  injected  into  |>eritoneal  cavity  6  slays  prior  to  challenge. 

4  Number  of  positive  blood  cultures  total  minder  plated. 
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table  7.  Comparison  of  growth  of  Listeria  monocytogenes  A441S  in  organs  of  mice  born 
of  Listeria-infected  mothers  and  of  mice  born  of  healthy  mothers 


Colony  count  per  mg  of  tissue  (geometric  mean) 

Mouse  litter 

Organ 

Dsys 

1 

2 

3 

4 

3 

Mice  5  to  6  weeks  old, 
from:* 

Infected  mother 

Liver 

410 

550 

6,500 

3,600 

1,700 

Normal  mother 

Live: 

1.4  X  10* 

5.7  X  104 

5.4  X  10* 

3.8  X  10* 

4.3  X  10‘J 

Infected  mother 

Spleen 

910 

380 

440 

6,100 

1.  2  X  104 

Normal  mother 

Spleen 

3.5  X  104 

3.7  X  104 

7.0  X  10* 

6.1  X  10‘ 

9.4  X  10*t 

Mice  7  to  8  weeks  old, 
from:f 

Infected  mother 

Liver 

440 

2.3  X  104 

1.2  X  104 

8.2  X  10‘ 

1.1  X  10* 

Normal  mother 

Liver 

920 

1.5  X  104 

1.2  X  10s 

2.4  X  101 

1.2  X  10‘t 

Infected  mother 

Spleen 

730 

2.0  X  104 

5.1  X  104 

2.9  X  10* 

3.2  X  104 

Normal  mother 

Spleen 

400 

1.5  X  104 

1.1  X  I0‘ 

1.2  X  10* 

2.5  X  10‘I 

*  Inoculum:  1.3  X  10*  cells  per  dose;  three  mice  per  group. 

t  Inoculum:  5.4  X  10*  cells  per  dose;  four  mice  per  group  for  infected  progeny;  two  mice  per  group 
of  controls. 

{  Single  survivor. 


coming  the  effect  of  MEF,  so  that  the  numltcr  of 
bacteria  recovered  from  the  tissues  of  animals 
that  received  Listeria ,  MEF,  and  BCG  was  some¬ 
what  less  than  that  found  in  the  organs  of  mice 
receiving  only  Listeria  strain  JHH  (Tables  5 
and  6). 

Since  in  utero  infection  of  the  fetuses  of  females 
infected  with  Listeria  has  been  re|>orted  by  nu¬ 
merous  investigators  (see  Seeliger,  1961),  it  was 
considered  of  interest  to  determine  the  fate  of  the 
organisms  in  surviving  mice  l*orn  of  infected 
mothers  and  to  determine  the  immunological 
stab*  of  these  animals.  I ‘regnant  mice  were  in¬ 
fected  by  intra|>critoneal  injection  of  approxi¬ 
mately  3  X  10‘  cells  of  strain  JHH.  Of  tin*  49 
progeny  lx>m  to  5  females.  27  survives!  and.  at 
5  to  6  weeks  of  age,  were  infected  in  the  |ieritoneal 
cavity  with  1.2  X  101  cells  of  strain  A4413.  Al¬ 
though  no  significant  difference  in  the  ltm  was 
noted  lx> tween  the  test  group  ami  mire  of  the 
same  age  from  uninfected  females,  a  marked  dif¬ 
ference  was  nopsl  in  Imth  the  extent  of  gr»ws  path¬ 
ological  changes  ami  in  the  numlier  of  organism" 
recovered  from  spleen*  amt  livers.  The  i,Tm  for 
mice  (torn  of  infected  females  was  4.3  days  (93* ; 
confidence  limit*:  3.4  to  6,0  days);  that  for  mils’ 
from  an  uninfected  |iarent  was  3.H  (93r, 

confidence  limit*:  3.0  to  4.X  days  .»tn>l 

animals,  however,  showed  much  more  extensive 
(Lithology,  ami  the  cell  count*  jst  ml  in  spleen  or 
liver  were  higher  (Table  7).  However,  in  a  similar 


cxiieriment  utilizing  mice  7  to  X  weeks  old,  no 
difference  was  olxterved  Ix'tween  the  test  group 
and  the  control  group.  The  number  of  organisms 
|K*r  ml  of  spleen  or  liver  tissue  was  essentially  the 
same  in  ls>th  groups,  and  changes  in  cell  popu- 
lation  paralleled  each  other  quite  closely. 

Discrssinx 

Kautter  et  al.  (1963)  re|>orted  extensive  ex- 
ix’riment*  which  indicatetl  the  influence  of  a  num- 
lier  of  factors  on  the  lethal  effect  of  /..  monocyto¬ 
genes.  Among  these  factors  were  the  age  ami 
physiological  state  of  the  host,  the  htist  sjiecies, 
and  the  strain  of  organism  used.  A  striking  differ¬ 
ence  was  observed  among  infections  produced 
through  different  routes.  E.\|x>sure  by  tin*  res|*ira- 
tory  route  prt>durcd  a  linear  «h*sr-tvs|*onse  curve, 
and  the  lethal  dose  obtained  on  rr|ieated  titra¬ 
tions  was  relatively  constant.  Kx|iosurr  by  the 
intra|S’ritoneal  or  intravenous  routes  generally 
resulted  in  a  lower  lethal  d<»*r  I  Hit  the  dosr -effect 
re?;»onse  was  nonlinear  ami  erratic.  Tin*  u>  *  in 
rc|*'atcd  titrations  extemletl  over  a  witle  vangr. 
This  difference  in  rcs|x>n*r  to  infertitm  by  the 
various  routes  is  reflected  in  the  results  presented 
here.  Infection  of  mire  by  the  respiratory,  intra¬ 
venous.  or  intnqirritoncal  routes  (tnsluerd  the 
same  amount  of  growth  of  /..  monocytogenes  in 
the  spleen,  liver,  ami  lirain  After  aerosol  cx- 
IMisure.  however,  the  colony  counts  obtained  from 
lung  susjicnsioa*  were  high  within  tl»e  first  24  hr 
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lifter  infection  and  remained  at  a  high  level  for 
up  to  9  days.  Infection  l»y  the  other  routes  not 
only  resulted  in  a  somewhat  lower  colony  count 
hut  also  in  a  more  gradual  increase  in  the  numlier 
of  I.irteria  in  the  lungs.  The  standunl  deviation 
from  the  geometric  means  of  the  colony  count  was 
more  uniform  and  smaller  with  the  cultures  ob¬ 
tained  from  animals  infected  by  aerosol  than  with 
cultures  from  mice  infected  by  the  other  routes 
(Table  2). 

The  difference  lictwcen  the  in  vivo  growth  of 
Listeria  after  n*spirutory  ex)  insure  and  that  after 
infection  by  the  other  routes  also  may  Is*  ex¬ 
plained  in  |>art  by  unpublished  oltscrvations  by 
Kautter.  He  oliservcd  that,  after  introduction  of 
l.isteria  into  the  lungs,  there  was  an  immediate 
increase  in  the  numlier  of  organisms;  2  hr  after 
exposure,  the  mean  increase  in  Liberia  was  ap¬ 
proximately  1.6  times  the  numlier  present  at  0  hr. 
and  by  4  hr  the  iiacterial  count  increased  aUiut 
fivefold  In  the  |rritoneal  cavity,  however,  the 
organisms  disap|iearrd  rapidly  for  the  first  (>  hr 
and  then  liegan  to  increase  (Silverman,  unpub¬ 
lished  data).  In  agreement  with  this,  we  have  also 
oliservcd  that  when  Listeria  wen*  injected  into 
the  |ieritoneal  cavity  24  hr  after  the  injection  of 
sodium  caseinate,  the  accumulated  |mlymorpho- 
nuclcar  cells  ra|mily  ingested  the  organism  so  that 
within  10  to  15  min  the  leukocytes  wen*  com¬ 
pletely  filled  with  Iiacteria.  This  suggests  that,  in 
the  lung,  phagocytosis  by  cells  lining  the  alveolar 
passages  holds  the  organisms  in  situ  and  pennits 
iuuac'llular  multiplication.  The  intracc!’  ;lar  lo¬ 
cation  of  tin*  Listeria  may  offe*  protection  against 
tin*  liactericidal  activity  of  tin*  Wood  :>l**crvcd  in 
the  guinea  |iig  (Silverman,  unpublished  data).  On 
tin*  oilier  hand,  the  organisms  introduced  into  tin* 
jM'iitoneal  cavity  or  directly  into  tin*  Mood  stn*am 
would  lie  directly  ex|»rssl  to  this  liaxard.  Ihffcr- 
enn-s  in  lesponv  among  tin*  mice  muld  reflect 
individual  differences  in  the  K'ctcricidal  activitv 
of  tlx*  Wool  such  as  lias  Iwcti  olwrvrd  in  studies 
with  s«ra  fnmi  guinea  |xgv 

The  infretpicnt  occurrence  of  Listeria  in  Icain 
homogenates  is  in  areonlance  with  tlx*  olwcrva- 
tions  of  various  author*  Srvligcr  (1961 l  nmi 
tinned  that  only  after  intracranial  or  inlrathrcal 
injection  was  neuro-listeriosis  rondstmtly  pro- 
duced  in  rodents.  He  suggested  that  the  *borl 
time  intenal  Iwtwor-n  infection  and  death  in  *rp- 
tic  listeriosis  |irrehi«lcs  infection  of  the  brain. 

The  greater  nunilwr  of  organisms  ncovered 
after  injection  of  MKK  wa«  in  a«vordancc  with 


m 

previous  oliscrvutions  on  the  gn*ater  mortality 
that  followed  injection  of  the  cell  extract  with  the 
organism.  The  reverse  effect  induced  by  the 
prior  injection  of  BCG  and  the  neutralization  of 
the  effect  of  MKF  hy  injection  of  the  acid-fast 
organism  suggests  that  MKF  exerts  its  effect  in 
|«»rt,  at  least,  on  the  reticuloendothelial  system. 
Lurie  (1939i  re|iortcd  enhanced  activity  by  the 
cells  of  this  system  during  infection  with  My¬ 
cobacterium.  The  exact  role  of  MKF’  in  l.islrria 
infections  is  yet  to  In*  elucidated,  it  may  In*,  as 
with  the  toxin  of  plague  (Meyer.  195K).  that,  as 
the  host  n*spoiids  to  the  infection  by  destroying 
the  organism,  the  cellular  eom|xinent  (MKF)  is 
lilicrutcd.  Thus,  the  host  indirectly  enhances  the 
infection.  On  the  other  hand,  in  view  of  the  latent 
nature  of  l.isteria  infections  (S«*e!iger,  1901),  it 
may  lx*  that  when  resistance  is  reduced  liecause  of 
stress,  and  if  l.isteria  are  pn*s<*nt  in  an  inap|ian*nt 
infection,  the  host  liecomcs  mon*  susceptible  to 
tin*  MKF  pnxluced  by  the  organisms  already 
pn*sent  in  the  tissues,  ami  an  acute  infection  is 
imtiatisl.  Tlmse  hv|x>tbes<*s  nspiire  furtlH*r  in¬ 
vestigation  of  the  (tathogem-sis  of  the  disease  ami 
of  the  role  of  cellular  eoni|Nim*nts  of  the  parasite. 

Increased  resistance  after  injection  of  BCG  is 
in  acconl  with  |«vvious  olecrvations  by  INillinger 
(1936),  Hcmlerson  et  al.  (1956),  Ihilxs  ami 
Scliacdlcr  (1957).  and  Sulitzi*anii  ct  al.  (1962) 
with  Hr  an  tin  abortus.  Bacillus  anthracis ,  Staph¬ 
ylococcus  aureus,  ami  M.  fortuitum.  Kllicrg. 
Schneider,  ami  Fong  (1957).  studying  monocytes 
obtaimsl  from  animals  ex^essl  to  M  yobactrrium. 
also  oliservcd  increased  resistance  towanl  infec¬ 
tion  with  Brucella. 

The  roni|iarativc  stmli«*>  with  progeny  of  l.is- 
IrnmiifiTtcii  femah's  ami  those  of  iM*altliy  ani¬ 
mals  indicate  that  prenatal  ex|««sun*  of  l.isteria 
pnxluced  a  temjxirary  degree  of  immunity  rather 
tlian  a  state  of  immune  tolerance.  Revs  ami  Gar- 
butt  l 1961)  n-|xirt«sl  immunity  in  mice  infected 
ill  iitens  with  Mycobacterium.  They  dwnol  a 
shortened  survival  time  in  tlieir  control  group. 
Vltbougb  in  utrro  infection  failed  to  mi  nis'  the 
the  gross  |iatbolog\'  ami  Iwctrrial  growth 
wen*  less  extensive  in  this  gnmp  than  in  the  con¬ 
trol  group.  The  teni|iorar\  nature  of  tlir  im¬ 
munity  suggest*  that  it  max  have  I  wen  |>a**ne 
in  nature 
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